Background: Identification and prevention of mobility limitations in older adults is important to reduce adverse health outcomes. The Life-Space Assessment (LSA) provides a single measure of mobility including environmental and social resources of the older adult. Availability of the LSA for non-English speaking countries is still sparse. Therefore, we translated the LSA into Danish and performed a content validity analysis of the translation in older adults with mobility limitations.
Background
Mobility is a central component of healthy aging [1, 2] . According to Satariano et al. mobility refers to "movement in all of its forms, including basic ambulation, transferring from a bed to a chair, walking for leisure and the completion of daily tasks, engaging in activities associated with work and play, exercising, driving a car, and using various forms of public transport" [1] . Hence, mobility is closely related to maintenance of autonomy and independent living in older adults. Accordingly, mobility limitations lead to constricted life space and may have serious consequences for older adults and their ability to sustain physical capacity, social relationships, and quality of life [1, 3, 4] . Therefore, arguments support early identification of mobility limitations in older adults as mobility limitations are associated with significant adverse health outcomes [2, [5] [6] [7] [8] . Several mobility assessment instruments are available for use in older adults including accelerometers [9, 10] , various physical performance tests and self-reported questionnaires [11] [12] [13] [14] [15] . Common for these measures is that they assess mobility on the activity level of the International Classification of Functioning, Disability and Health (ICF) [16] . Measures that can evaluate older adults' dependency in mobility, how far and how often they are moving in the surrounding environment are generally sparse.
The University of Alabama at Birmingham (UAB) Study of Aging Life-Space Assessment (LSA) tool was developed for community-dwelling older adults (+ 65 years) [17] . The LSA provides a single measure of mobility and change in mobility at the participation level of the ICF [16] , encompassing environmental and social resources of the older adult [17] . The LSA has demonstrated high test-retest reliability using phone interviews over at 2-week period [17] , validity [18] and sensitivity to change [17] , and correlates well with physical activity in community-dwelling older adults [19] . Also, the LSA has been translated into different languages and has shown acceptable reliability and validity in these settings [20] [21] [22] [23] [24] . However, the LSA has not yet been translated into Danish and content validated for use in older, mobility limited Danish adults.
Therefore, the aim of this study was three-fold: 1) to translate the Life-Space Assessment into Danish, 2) to validate the content of the Danish version by means of cognitive interviewing in a population of both communitydwelling and hospitalized older adults as well as assisted living facility residents, to reflect different degrees of mobility limitations, and 3) to culturally adapt the questionnaire according to the findings of the content validity analysis.
Methods
The study consists of three phases: 1) a translation/backtranslation process, 2) an evaluation of the translated version with respect to content validity, and 3) a cultural adaptation process in which the questionnaire was modified according to the findings of the content validity analysis.
The study was approved by the Danish Data Protection Agency (No.: 11-11-2016 ) and the local Ethics Committee of the Capital Region (No.: H-16050540). Informed written consent was obtained from all informants after provision of both oral and written information in accordance with The Declaration of Helsinki. The study follows the Qualres Guidelines for qualitative research [25] .
The life-space assessment (LSA)
The LSA [17] is an interviewer-based questionnaire assessing information on the distance a person reports moving during the 4 weeks leading up to the assessment. Information is collected about movement from the room where the person sleeps to five consecutive life-space levels (LS1-LS5): 1) within the home; 2) outside the home; 3) in the neighborhood, 4) outside the neighborhood, 5) and outside the town (Table 1) . For each of the five levels, informants are asked if the level was attained over the last 4 weeks (yes/no), at what weekly frequency (less than once a week, 1-3 times per week, 4-6 times per week, daily) and whether equipment such as canes or walkers was needed (yes/no) or if help from another person was needed (yes/no). A composite score (0-120 points) is calculated based on the life-space level attained, the frequency of attainment and the degree of independence. A manual describing testing and scoring procedures can be obtained from the author (pbaker@uab.edu). A non-validated Danish translation of the manual was produced in the process of translating the LSA. The contents of the manual was approved by the developers of the LSA. The manual is available from the corresponding author of this paper or at Zenodo.org (see the data availability statement).
Translation of the LSA into Danish
We used a translation procedure following the recommendations put forward by the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) [26] .
1) Preparation: Written permission to translate the
LSA was obtained from the instrument developers. 2) Forward Translation: Three native Danish (target language) speakers, fluent in English (source language), translated the LSA into the target language resulting in three independent translations (T1, T2 and T3). Two of the translators were familiar with the LSA and the LSA was unknown to the third translator.
3) Reconciliation: in a consensus meeting, the three translators compared and merged their translations (T1, T2 and T3) into a single common forward translation (T4). 4) Back Translation: The common version (T4) was back translated from the target language to the source language (B1) by a translator who was blind to the original version of the LSA. 5) Back Translation Review and harmonization: The back translated version (B1) and the original version were compared by the developers of the LSA to identify differences between the two versions resulting in a minor revision (B2) of the back translated version, which was approved by the instrument developers (B2A).
6) Cognitive Debriefing and review of Cognitive
Debriefing results: The accepted version (B2A) was validated using cognitive interviewing (see below for a detailed description).
7)
The final version was approved by the developers of the instrument and was checked for spelling and grammar issues and proofread after the lay-out was finalized (LSA-DK).
Cognitive interviewing
Cognitive interviewing (CI) was used in the content validation of the LSA to identify problems and potential errors when administering the LSA-DK [27] . Cognitive interviewing is a widely acknowledged method in the development, validation and cultural adaptation of patient-reported outcome measures [27] [28] [29] . Cognitive interviewing may be used in parallel to translation and pretesting of questionnaires to help identify and thereby minimize the risk of systematic measurement bias [30] . Cognitive interviewing is useful when in doubt about the informants' understanding of the wording of a question or how informants will interpret and answer questionnaires [28] . Also, it has proven to be a robust technique for the identification of response errors [31] . The cognitive interviews were based on an interview guide developed in accordance with Willis [28] and carried out through semi-structured interviews by a female occupational therapist (PKS), who was familiar with cognitive interviewing. The informants were asked to think aloud as they went through the LSA questions and to tell the interviewer everything they were thinking. The interviewer regularly asked probing questions to understand the informant's thought process by using anticipated and conditional probes [28] . The interviews were audiorecorded and had a duration of approximately 30 min. The cognitive interviews were based on a priori process with the Question Appraisal System (QAS-99) where potential problems and limitations was identified [32] . The cognitive interviews were subsequently based on the principles of The Information Processing Model (IPM) developed by Tourangeau, which covers four cognitive stages: 1) Comprehension of the question; 2) Retrieval from memory of information necessary to answer the question; 3) Decision processes, relating to the adequacy of the answer; and 4) the Response process, where the informant produces an answer that satisfies the task requirements [33] . Based on a review of the four cognitive stages, we determined how the informant understood and responded to the questions and if the questions generated the information as intended.
Informants
According to Beaton et al. [34] a sample size of 30-40 informants was needed. We used criteria-based sampling aiming at maximum variation to establish informant variability according to gender, age, educational level, mobility and cognition [27, 35] . Hence, informants were recruited among older people in the Copenhagen area and enrolled from: 1) an outpatient rehabilitation center; 2) medical wards at a university hospital, and 3) an assisted living facility. The inclusion criterion was: 55 years or older. The exclusion criteria were: inability to speak Danish; inability to cooperate in a cognitive interview; and inability to participate in interviewing due to speech difficulties. The cognitive interviews were performed either at the hospital ward (for those hospitalized) or in the informant's home. Demographic variables were collected based on self-report in connection with the interviews and encompassed educational level, marital status, comorbidities, cognitive function by the Orientation Memory Concentration test (OMC) [36] , and mobility by the New Mobility Score (NMS) [37] .
Data analysis
The interviews were transcribed and analyzed inspired by the template organizing style as described by Crabtree [38] . From this analysis, content codes were sorted according to the four stages of the IPM [33] and categorized in a systematic matrix-contruction [39] . The results of the analysis were discussed by three authors until consensus was reached on recommendations for changes to the questionnaire and to the manual. These recommendations were presented to the developers of the LSA before any changes were made.
Results

Translation
During the translation process, minor discrepancies were identified between the three translators, who agreed on a consensus version of the translation before this agreed upon version was back-translated into the source language. During the harmonization process, the developers accepted the use of "during the last 4 weeks" instead of "during the last month" in the introduction sentence of the questionnaire as well as the use of one Danish word covering the words "aids and equipment". Apart from this, the translated version was identical to the original version with regards to content and wording. Table 2 describes the characteristics of the sample participating in the cognitive interviews. The flow of informants can be seen in Fig. 1 . A total of 41 potential informants living in municipalities around the city of Copenhagen were given written and oral information. Eleven declined participation and four were excludedtwo were unable to cooperate, one could not speak due to a new tracheostomy, and one had aphasia. A total of 30 cognitive interviews were carried out in March 2017. The final sample consisted of 12 community-dwelling informants, 11 hospitalized informants and 7 assisted living facility residents. The 7 assisted living facility informants had a lower median cognitive level (OMC 18.7, range 16-23) than the community-dwelling informants (OMC 25.8, range 18-28) and those who were hospitalized at the time of the assessment (OMC 24.5, range 14-28) (results not shown).
Cognitive interviews
Overall, the Danish version of the LSA questionnaire was well accepted by the informants. During the cognitive interviews, almost half of the informants displayed challenges concerning each of the five levels of the LSA: 60.0% for LS1, 73.3% for LS2, 46.7% for LS3, 83.3% for LS4 and 50.0% for LS5. The challenges concerned one or more of the four levels of the IPM: IPM1) comprehension, IPM2) retrieval from memory, IPM3) decision process, or IPM4) response process. However, most of the discrepancies were related to IPM1 and IPM2, i.e. comprehension of the questions and retrieval from memory.
IPM1: comprehension of the question
During the cognitive interviews, several challenges appeared concerning comprehension of the questions of the LSA. One third of the informants expressed difficulties comprehending the contents of the word "activities" in the introductory sentence "these questions refer to your activities just within the past four weeks", the meaning of which was understood as e.g. physical exercise, strength training or outdoor activities. Also, challenges comprehending some of the essential words used in the LSA levels emerged. Some informants expressed doubt about the meaning of "been to": For LS3-LS5, one to two thirds of the informants (11/ 30 for LS3, 20/30 for LS4 and 12/30 for LS5) had difficulties comprehending the question, e.g. difficulties defining neighborhood, town and outside town. Relatively more assisted living facility residents than informants from own home and hospitalized informants expressed difficulties. The difficulties concerned defining the geographical extension of neighborhood and town. For Fig. 1 Flow of informants. Flow of informants from a medical ward, an outpatient rehabilitation center and an assisted living facility some informants, neighborhood was understood as being something relational (neighbors, family etc.) and not geographical:
My neighborhood is my son in the next-door quarter of town (community-dwelling informant).
Also, some informants failed to include all their community mobility in their answers. For example, some informants did not consider going to a rehabilitation session as being community mobility that would be included in the response.Yes, (I did not consider rehabilitation)… as I thought about my family and such… but that's right… (community-dwelling informant
In addition, the frequency item was understood and answered by some informants as describing the preceding month and not being a weekly average. In connection to items on equipment and personal assistance, some informants not able to drive a car themselves did not consider a driver to be "help from another person" and some did not consider furniture used for balance as being equipment:Sometimes, I get up at night, when it's dark, and use the wall for support. But you can't really call that an equipment (community-dwelling informant).
Also, variation in the understanding of when one can be considered using equipment was seen:I don't use any of it (…). I only use the walking stick as a precaution, if I go out and if there's a storm, because my balance is a bit out of control (community-dwelling informant).
IPM2: retrieval from memory of information necessary to answer the question
The informants displayed challenges remembering where they had been to in the last 4 weeks. Also, for two thirds of the informants (19/30), the contents of LS2 seemed complex and the informants could not remember the entire question.
After hearing the LS2 question, an informant answered:
Oh boy. That was a lot. If I've been outside the area, my porch, garage… that was a lot of things (assisted living facility informant).
In addition, some informants were challenged when answering the frequency questions since they forgot which time frame they had to consider (4 weeks).
IMP3: decision processes relating to the adequacy of the answer
Challenges regarding the decision process were related to lack of attention and concentration affecting the adequacy of the answers. Also, some informants considered a trip to the supermarket to be a frequency of 2, thus counting both ways.
IMP4: response process, where the informant produces an answer that satisfies the task requirements
Only a few informants expressed difficulties regarding response categories and how to respond to the questions. The observed challenges were seen in informants who were hospitalized and informants who had recently moved into an assisted living facility. Hospitalized informants, who had been hospitalized for more than a couple of days, found it difficult to understand which 4 weeks they had to consider in their answers and whether they had to include the time spent at the hospital in their answers. In relation to questions regarding independence (i.e. if help from another person was needed), both hospitalized informants and assisted living facility informants tended to consider two locations (home vs. hospital/assisted living facility) when answering. For these two categories of informants, the fact that personal assistance was available 24 h a day (from staff) complicated their answers.
No, it… yes, well I have the staff. They are here all day (…) (assisted living facility informant).
Challenges with the cognitive interviewing method
In general, informants from assisted living facilities displayed more challenges with the cognitive interviewing method than informants living in own home or hospitalized informantschallenges were observed in 85.7% assisted living facility residents, 54.4% hospitalized informants and 33.3% of community-dwelling informants.
Recommendations for revision of questionnaire and manual
The analysis of the cognitive interviews resulted in recommendations for a cultural adaptation consisting of changes and additions, which are presented in Table 3 . Two of these recommendations led to revision of the questionnaire: a parenthesis was added to LS1 and two examples were removed from LS3. The remaining To avoid misunderstandings regarding the focus of the LSA, an introductory sentence was added to the Danish manual.
Added to manual "The questions I am about to ask you, cover how far, how often and how you have gotten around during the last four weeks"
Problems understanding the phrase "been to".
A probe was added to the Danish manual.
Added to manual
"It doesn't matter for how long you've been in a room/an area. I just need to know if you've been in the room/the area or if you've passed through the area"
In LS1, "other rooms of your home…" was often not comprehended by respondents living in one-bedroom apartments. Changes were made in both the LSA-DK and the Danish manual.
Added to questionnaire
A parenthesis with examples was added to the LS1 question. "Other rooms of your home besides the room where you sleep (e.g. the kitchen or the bathroom)" Added to manual
An explanatory text was added to the manual: "The example in the parenthesis can be used to clarify ambiguities to the respondent. For example it would be appropriate to say" for example your kitchen or your bathroom" in Level 1 for respondents living in one-bedroom apartments"
The frequency item was understood and answered by some respondents as describing the preceding month and not being a weekly average.
An explanatory note was added to the Danish manual.
Added to manual "For frequency, it is important to verify the respondent's answer to ensure that the frequency noted is an average over the last 4 weeks, representing frequency per week and not per month"
In connection with items on equipment, the respondents did not consider furniture used for balance or a walking stick used as a safety precaution as being equipment.
The LSA manual already describes equipment used for safety. A probe was added to the Danish manual regarding furniture support.
Added to manual "Do you support yourself using for example furniture, when walking around inside or outside?"
At LS3 and LS4, the spatial definitions of neighborhood and town caused misunderstandings among some respondents.
No changes were made since no other Danish words are more suitable. The LSA manual's definitions of neighborhood and town are recommended to be used to clarify the questions.
Retrieval from memory In LS2, problems remembering the content due to the length of the question were identified. Some of the examples (patio and garage), representing synonyms, were extracted from the LSA-DK after permission from the developers.
New wording in questionnaire: "An area outside your home such as your porch, deck, yard, hallway (of an apartment building) or your driveway?"
Decision processes and Response process Some respondents calculated the frequency to include both the trip to and the return trip from e.g. the supermarket.
An explanatory text was added to the Danish manual. Some respondents were challenged when answering the frequency questions since they forgot which time frame they had to consider (4 weeks).
A note was added to the manual.
Added to manual "The interviewer must be aware, that some respondents will consider a trip to the supermarket to be a frequency of 2, thus counting both ways. This, however, should only be counted as 1, that is 1 time back and forth". Added to manual "The interviewer must be aware of the necessity of using probes to elucidate responses regarding aids, personal assistance and frequency".
IPM: The Information Processing Model recommendations, some of which were context dependent, encompassed explanations and probes added to the manual to facilitate informant comprehension of the questionnaire and guide interviewers in how to use the questionnaire. For example, it was added that for respondents in hospital wards the interviewer should stress that the questions refer to the 4 weeks preceding hospital admission.
Discussion
During the translation process of the LSA, minor changes were made to the LSA-DK before the questionnaire was validated using cognitive interviewing. Overall, the LSA-DK was well accepted by the informants. During the content validity examination, we identified several potential challenges primarily regarding comprehension of the questions in LS1 and LS3 and memory issues regarding LS2. Two of the challenges led to minor changes of the questionnaire while others led to the addition of probes and explanations in the manual. The consensus-based standards for the selection of health measurement instruments (COSMIN) initiative recommends evaluating the content validity of an outcome measurement instrument before evaluating other measurement properties, as lack of content validity can affect all other measurement properties [40] . Nevertheless, studies evaluating the content validity of translated LSA versions are still sparse. To our knowledge, only two studies have evaluated the content validity of translated versions of the LSA [20, 41] . Similar to our study, Auger et al. [20] used cognitive interviewing methods to evaluate the questionnaire. Consistent with Auger et al. [20] , we found that a substantial proportion of informants needed clarifications regarding LS1: 'Have you been to rooms other than the room where you sleep?'. This challenge was overcome by adding "e.g. your kitchen or bathroom" in the LSA-DK questionnaire. Informants living in one-bedroom apartments had the greatest difficulty comprehending this particular question. Also, the analyses in both our study and the study by Auger et al. revealed that many informants had difficulty defining the geographical extension of neighborhood, town and outside town. Although several informants asked for a definition of both neighborhood and town, no changes were made based on these findings. Firstly, because no better words exist describing these two notions, and secondly since spatial definitions are provided in the manual for clarification if needed. Therefore, we recommend to carefully use and follow the manual when administering the LSA. Siordia has questioned the lack of defined geographical space in the questionnaire (e.g. neighborhood) since the informants define the geographical limits of neighborhood differently [42] . The LSA manual stresses the importance of letting the informants define for themselves to ensure that their definition of neighborhood does not change at repeated assessments, thus enabling evaluation of change over time for the individual. However, as stated by Siorda [42] there may be a risk of comparisons based on unequal grounds when comparing between-people differences, i.e. populations across different geographical areas, if there's a sizable fluctuation in the geographical size of neighborhood or town. Therefore, in a future study it could be relevant to investigate cultural differences in the definition of neighborhood and town and the consequence of defining neighborhood and town for the informants.
Overall, two thirds of the informants in our study found the content of LS2 complex and difficult to retain. This is well in line with a study investigating readability scores of the LSA, which found that all LSA items were easily understandable except for LS2 [42] . To ease the understandability of LS2, some of the examples (patio and garage) were extracted from the LSA-DK questionnaire after permission from the developers.
In this study, informants displayed challenges remembering where they had been to in the last 4 weeks. Likewise, a previous study has shown older adults (+ 65) to have difficulties in recalling physical activity within the previous 7 days resulting in errors consisting of both under and over reporting [43] . Also, older adults remember less well than younger adults [44] , thus one would expect a greater risk of recall bias in the older adult population. However, the LSA has been shown to correlate well with a range of mobility measures, both objective and subjective, supporting the use of the LSA as a valid measure of mobility in older adults [19, 45] . A study evaluating the concurrent validity of the Swedish version of the LSA in 312 community-dwelling older adults (+ 75 years) found the LSA to correlate with mobility ability as measured by other mobility related measures (the Short Physical Performance Battery; stair climbing; transfer; transportation; food shopping; travel for pleasure; community activities) [46] . Also, a Finish study in communitydwelling older adults found Life-Space mobility to be correlated with objectively measured physical activity, i.e. step counts and activity time [19] . Similarly, a future step in the evaluation of the LSA-DK will be to investigate other measurement properties, i.e. criterion validity, reliability and responsiveness [40] .
The LSA uses a stem and leaf design that has been shown to create confusion in older adults regarding determining responses when used in structured questionnaires [47] . However, a study in older Latino Americans (+ 80) found that response patterns in the LSA were not affected by the stem and leaf format and that informants did not respond illogically and falsely [42] . This difference may be due to the interview based character of the LSA [18] as to why the stem and leaf format is not expected to cause confusion in the LSA. This, however, requires that the interviewer is trained in and familiar with the manual and the questionnaire before conducting the interview.
Strengths and limitations
In this study, we have provided a transparent translation of a mobility instrument which is widely used to assess mobility on the participation level of the ICF [16, [48] [49] [50] [51] [52] [53] [54] . This translation and translations of the instrument into other languages can facilitate comparison of mobility status across countries and nationalities. The main strength of the study is the inclusion of a diverse group of mobility limited older adults. In cognitive interviews, the informant characteristics must be similar to the target population [27] . Therefore, we chose a sample of older adults with different degrees of mobility limitations, since this reflects the population likely to be participating in clinical trials where the LSA-DK will be used. We strived for a sample of informants represented by sufficient information power [55] with regard to age, sex, place of residence, education, cognition and mobility. We chose to include assisted living facility residents, although the LSA was not originally developed for this population. The reason for this choice was that many Danish assisted living facility residents are cognitively well functioning and have community mobility despite living in an assisted living facility. However, even though this study is based on few assisted living facility informants this group of informants showed more difficulties with the questionnaire than independent living or hospitalized informants. Thus, using the LSA in assisted living facility residents is not recommended.
There is no consensus in the literature about the number of informants used in cognitive interviews [35] . Beaton et al. [56] recommend the use of 30-40 informants. In the present study 30 informants were included. Though we achieved a variety of informants with regards to age, sex, mobility level and education it cannot be ruled out that our sample size was too small to reach informational redundancy [35] . According to Blair et al. [57] it is far from certain that all problems are detected in samples over 30 and that even 50 might be too few. Thus, it is likely that this study has identified a broad variation of challenges, but some nuances may have been missed. Also, we could have wished for more informants from rural areas and more informants with less than 10 years of education, since this is the educational level for 1/4 of the Danish population over the age of 65 years [58] .
Cognitive interviewing has been criticized for being too subjective [59] . However, we tried to overcome this criticism by using a standardized, systematic procedure when analyzing data [39] . In cognitive interviews, the interviewer plays a central role and needs competences in supporting think aloud and using appropriate verbal probes [35] . Some of the respondents needed support in differentiating between probes asked as part of the cognitive interview and probes related to the clarification of the different levels in LSA. Thus, the interviewer may have introduced bias into the data collection process. However, we have tried to reduce this risk by using an interview guide to standardize the use of probes [35] . Also, Wright and Holliday [60] found that cognitive interviewing as compared to structured interviews benefits the recall of older adults with and without mild cognitive impairment, suggesting that the use of cognitive interviewing may support the memory of older adults.
Finally, although the LSA manual provides a thorough explanation of how to administer the questionnaire and how to probe, it cannot be ruled out that errors related to the people administering the LSA can occur.
Conclusions
In conclusion, the Life-Space Assessment was translated into Danish and content validated based on cognitive interviews. Adaptations were made to support that the translated version (LSA-DK) can be used in the assessment of mobility in older Danish adults. Before implementing the LSA-DK in clinical practice, however, further studies should be performed to investigate the reliability as well as the criterion validity of the LSA-DK. 
